series of symphony concerts in London, from 1886 to 1896. He was knighted in 1914. Wilhelm Kuhn was Jewish by birth, but he was baptized when he married Marthe Hoppe . She came from a peasant family in the east of Germany, with a few Polish names and one French name among her ancestors. Their first son was Helmut Kuhn, bom in 1899, who emigrated and became Professor of Philosophy in the U.S.A. before returning to Germany in 1949 as Professor, first at Erlangen University and then at the University of Munich from 1953.
C h i l d h o o d
Heinrich describes his early life as follows:
1 spent my childhood and early youth in Lueben, a small country town in Silesia. The strongest early influences on my development came from my father. He had studied Law, and had the rank of Rechtsanwalt, the German equivalent of Solicitor combined with Magistrate, and also Notary Public. His interests and knowledge, however, ranged far beyond those o f his professional activities, from chess to classical literature and science. Viewing stars and planets through a telescope; using a microscope to look at tadpoles and other small animals fished from puddles; making electrostatic and electromagnetic experiments. All these were exciting experiences, made at first under the guidance of my father, later on my own. I never had any doubt that I wanted to become a scientist. In retrospect, some o f my chemical experiments, carried out by a small boy alone in my bed-sitting room, appear to be rather unsafe; but I remember my pride and enjoyment when I succeeded in making PHj, and watched the bubbles of this gas emerging from the water and igniting violently on contact with the air. My first step into the field of vacuum technique was made by means o f a bicycle pump whose piston I had inverted. This produced some kind of vacuum in my bell-jar, enough to make an electric bell inside inaudible. Less successful was my attempt to make a reflecting telescope. I was fascinated by the idea that a pair of perfectly spherical surfaces could be made, entirely by hand, by grinding a pair o f iron or glass plates against one another. Some do-it-yourself prescription led to my buying a pair o f heavy cast-iron plates, but it probably understated the need o f an initial shaping by means o f a lathe, which was not available to me. Though the idea was fundamentally right, I had wildly underrated the amount of sheer work required, compared with the muscle power and time available for a schoolboy o f about 10 years. After many weeks of obstinate, hard work in a basement room, and increasing protest from my parents, I had to give it up. It was a small comfort when I subsequently found that a young man, lucky enough to own a small astronomical telescope, existed in our little town, so that I could myself see the rings o f Jupiter, though only just resolved; at least one of my great wishes had thus been fulfilled.
S c h o o l i n g
Kuhn went to a primary school and then at age fourteen to the R ea l-G y m nasium , both in Lueben. (Lueben and Breslau became Lubin and Wroclaw, part of Poland after World War II.) At the second school he studied Latin, French and English; the sciences included mathematics, competently taught, and the elements of physics. Much of the latter, and chemistry, he learnt from books. In March 1922 he gained his Abiturium, a certificate giving admission to any university.
U n i v e r s i t y l i f e
In 1922-24, Kuhn started at die University of Greifswald, close to the Baltic Sea, where he studied chemistry (mainly inorganic), because physics seemed to offer little prospect of a job. The courses were uninspiring. Fortunately, the possibilities of a quantitative understanding of the structure of atoms and molecules, opened up by the Bohr-Sommerfeld theory, were mentioned to him by a young lecturer. In 1924, he decided to switch to physics at the University of Gottingen, which was the focal point for a number of major developments in this subject during the 1920s and early 1930s. Kuhn attended lectures by Courant, Hilbert and Bom, together with James Franck. It was with Franck that he worked for his doctorate in experimental research, after a very informal test: he had to give a talk at the seminar held by Franck and Bom, followed by a discussion. He was then admitted to the Zweite Physikalisches Institut. Franck had just published his theory of the coupling between electronic motion and vibration in diatomic molecules. This was supported by measurements of the absorption spectrum of the iodine molecule I2; then, at Franck's suggestion. Kuhn studied the absorption spectra o f Cl2 and Br2, including die continuum. The results fully confirmed Franck's theory and yielded accurate values for the heats of dissociation of both molecules. Somewhat later, E.U. Condon spent time at Gottingen and applied wave-mechanics to the theory; in this m ore rigorous form, it becam e known as the Franck-C ondon Principle.
Kuhn received the degree o f D r Phil, im Physik in October 1926, after submitting a thesis on 'Absorption spectra and heats o f dissociation o f halogen m olecules'. The exam ination involved five viva voces with professors o f experim ental and theoretical physics, m athematics and chemistry. Initially supported by a research grant, he becam e a dem onstrator at Gottingen in the same year, and a Lecturer in 1931.
Some o f K uhn's research was carried out and published jointly with Franck or others; some was his own separate work. M ost was connected with the spectra o f diatom ic molecules, especially the continuum in the absorption, together with their general interpretation in terms of the Franck-C ondon principle. There were spectroscopic studies o f m olecules bound by very weak (van der Waals) forces, and the asymm etry in pressure broadening associated with them. Also, the Stark effect was observed in atomic states with very high quantum numbers, using small fields. These studies led to the Venia legendi in physics, received at Gottingen in February 1931. Also known as Habilitation, this was a docum ented decision o f the Faculty o f M athematical Sciences, based on his publications, a public lecture and a viva with questions from all the Full Professors. It entitled him to give lectures at the University with the status o f Privatdozent, a necessary condition for appointment to a chair at any university in Germany.
On 10 O f these 'few ', Bom , Franck, Heisenberg, Dirac, Pauli and Blackett all later becam e Nobel Laureates in Physics! As soon as Hitler came to power, laws were passed that rem oved from office and studies m ost o f those known to be active socialists, and all those in the new category o f 'non-ary an'. The latter included Kuhn, since his father was o f Jewish descent; he was imm ediately advised by the authorities not to enter the Laboratory, and was soon dism issed from his University position. His status of Privatdozent was cancelled by a three-line communication from Berlin, withdrawing his Venia legendi.
Though Professor Franck was fully Jewish, he had fought in World War I and was not immediately dismissed. However, in a letter to the M inister which he also submitted to the local and national press, he resigned his Professorship as a protest against the new legislation, since it would force him to dismiss lecturers and students on grounds o f race or political conviction. This was one o f the few public protests from universities. Before leaving Germany for Denmark and then the U.S.A., he was very active in helping younger non-ary an physicists to find positions abroad. It was in his house that Kuhn was introduced to Professor F.A. Lindemann, who invited him to Oxford to join Derek Jackson in work on atomic spectra. To support him, Lindemann obtained a research grant from Imperial Chemical Industries. The possibility o f continuing to work in a field o f his own interest (he had just finished his book on 'Atom spektra' (1)), with at least a temporary home in England for him self and his wife, was most welcome. Soon after Lindemann had returned to Oxford, he confirmed the offer in a final, concrete form.
The move from Gottingen took place in August 1933. The Kuhns were able to enjoy the friendship of the Henschels, and hospitality at their homes in London and at Aviemore in Scotland, until Henschel died in Scotland about a year after they came to Oxford. In spite of the financial depression o f the 1930s, the grant from I.C.I. o f £400 per annum for two years was extended for a third year, after which the Kuhns received another grant for three years. 
A FRESH START, THE CLARENDON LABORATORY, OXFORD, 1933-39
Hyperfine structure Derek Jackson and Heini Kuhn were very different in temperament, but they collaborated successfully until the outbreak of World War II brought their research work to an end. Many details can be found in the Biographical Memoir o f Jackson, written by Kuhn and Christopher Hartley (3). A special feature of much o f the work was the reduction in the Doppler width of atomic absorption lines obtained by passing the light from a discharge tube through one or more atomic beams normal to the incident light. This reduced the line width to an effective temperature o f a few kelvin. The various lines were separated by a spectrograph with a prism or a grating; then, interference fringes were formed by one or two Fabry-Perot 6talons with a high resolving power. The fringes formed recorded on a photographic plate, and it became possible to resolve hyperfine structure and Zeeman effects for the light elements lithium, sodium, aluminium and potassium. For sodium the measurements covered the full range of magnetic field, from the Zeeman effect of hyperfine components to strong field patterns (hyperfine structure of the Zeeman components). The measurements agreed well with calculations by quantum mechanical perturbation theory. An account of this work was given by Jackson in a lecture to The Zeeman Congress 1946 in Amsterdam (see Jackson 1946) .
Interactions betw een atom s
Concurrently, Kuhn followed up his earlier interests in effects arising from long-range interaction forces between atoms by using the quantum-mechanical theories developed by F. London and others. For conditions within the validity of the statistical approximation, a simple calculation predicted the intensity in the long-wave wing of a pressure-broadened line to be proportional to the three-halves power of the difference between the wavenumber and that at the peak of intensity. Previous measurements by Minkowski (1935) had given an exponent-1.4 (1) for the resonance lines of sodium broadened in argon gas. A similar experiment by Kuhn on the lines of mercury in argon showed very good agreement with the statistical theory. Later, refinements of this theory to include repulsion effects (the Lennard-Jones potential) were made by R. A. Hindmarsh and G. Smith; these agreed well with measurements over a wide range of wavelengths.
T h e y e a r s In the autumn of 1939, all teaching and research moved from the old Clarendon Laboratory, built by Clifton in 1873, to a new laboratory just completed, now known as the Lindemann Building. Following the outbreak of World War II, most of the British-born research workers in the laboratory, including Derek Jackson, were employed by British Admiralty for work on centimetre waves and the infrared from 1 January 1940. Those who had come from abroad were omitted, presumably for security reasons, although most were by then British subjects. Kuhn was naturalized in 1939, and after a short period of odd commitments, such as tutoring and lecturing, he joined the team formed by Professor F. Simon to work on the atomic bomb project, later known as 'The Tube Alloys Project'. Other members of the team in the summer of 1940 included an American Rhodes Scholar, Henry Shull Arms, and Nicholas Kurd. It is ironic that those regarded as not sufficiently secure for the Admiralty work were available six months later for a more highly secret project! By the end of the war, the team numbered about 40. It was concerned with the separation of the light uranium isotope of mass 235 from natural uranium (mainly the isotope of mass 238) by the gaseous diffusion method. This relies on the fact that when a gas mixture flows through a membrane barrier with pores whose dimensions are of the same order as the mean free path, the lighter, faster molecules will pass through preferentially. In the limiting case of very small pores and/or very low gas pressures, the enrichment can be calculated, but for higher pressures it must be determined experimentally. In the pressure range of interest, the rate of flow changes in character from 'molecular' to 'Poiseuille', and is related to the efficiency of separation. Kuhn developed a method by which the enrichment factor could be determined by measurements of the flow at two different pressures. The apparatus that he designed, using this principle, was used both during and after the war for the routine testing of membranes under factory conditions. In connection with this work, Kuhn paid frequent visits to I.C.I. Metals in Birmingham, and also spent about six weeks in the U.S.A., mainly in New York, from early December 1943 into January 1944. Travel outward was by sea in convoy, but with return by air.
R e s e a r c h in a t o m ic p h y s ic s , 1945-71
In 1948 the high rates o f taxation caused D.A. Jackson, a wealthy m an with an estate at Deddington, to leave England first for Ireland, and then for Paris, where he worked in the Laboratoire Aim6 Cotton. In Oxford, Kuhn was joined first by G.W. Series in 1947 and two years later by G.K. Woodgate; at K uhn's suggestion, research using high resolution spectroscopy was devoted to the study o f the hydrogen atom.
The fine structure o f the Balmer lines became o f great interest as a method of testing the validity and accuracy o f the predictions o f quantum electrodynamics. M ost measurements at optical frequencies were limited by the large line width from the Doppler effect; a number of contradictory results came from different laboratories. In the Clarendon Laboratory, the structure o f the hydrogen alpha line was measured for the deuterium atom, available relatively pure through isotopic separation. A weak glow discharge was excited in a tube immersed in liquid hydrogen (probably the first time this had been done). A Fabry-Perot interferometer provided adequate resolving power. The results confirmed the displacem ent o f the 2s% level above the 2p% level. The work in Oxford was extended to the spectrum of singly ionized helium by George Series, who then began work on optical-radio double resonance, level crossing and optical pumping, and formed a separate group (see Bleaney 1996) . After completing his hyperfine optical studies on the spectra of yttrium and rhodium, G.K. Woodgate spent a year with I.I. Rabi at Columbia University. Kuhn and Bleaney obtained a Paul Instrument Fund grant from the Royal Society to bring him back to Oxford in 1952 to start spectroscopy using atomic beams. He formed a team with R.W. Hellwarth from Princeton, J.S. M artin from South Africa and P.G.H. Sandars, one o f Kuhn's students from Balliol College.
Isotope shifts
Photographic methods produce accurate results in the measurements of isotope shifts, but only if the lines are adequately resolved. This may be possible if samples o f enriched isotopes are available, but in other cases direct recording is better and faster. This is especially true of measure ments of the profiles of pressure-broadened lines. At the Clarendon Laboratory, a very simple technique used for scanning was to enclose the 6talon in a chamber where a slow change of the air pressure produced a controlled variation in die optical path length. This was combined with a specially designed manometer with a fast response; it turned a mirror to deflect a light pointer in the x-direction, while a second mirror deflected the output from the photomultiplier along the y-axis.
Dielectric films were sometimes used as reflective coatings for the 6talon surfaces, but films of silver or aluminium were preferable when a smaller change o f reflectivity with wavelength was required. The development o f photomultipliers led to photoelectric scanning methods, pioneered with H. J. Lucas-Tooth, which largely replaced photographic plates in high resolution spectroscopy. W.H. King (1964) devised a presentation of the data for isotope shifts which has been internationally adopted, and is known as a King plot.
The availability o f helium gas enriched in the isotope of mass 3, initially to a concentration o f 1/700 and later to 1/70, made it possible to measure isotope shifts in many lines o f the visual spectrum o f helium. For this light element, such shifts arise almost entirely from the difference in mass, but its computation from theory for atoms with more than one electron is not simple. M easurements on as many as 18 different lines allowed shifts in the term values to be derived, and these could be compared with theory.
Pressure-broadening
Interest in this subject and in long-range forces between atoms led to measurements, initially with J.M. Vaughan, of self-broadening for the gases helium, neon, argon, krypton and xenon. These were chosen because there are no complications through the formation of molecules, and critical tests could be made of the simplest form of the theory, the impact approximation. The interaction of an atom in its first excited (resonance) state, with an identical atom at distance r, gives rise to attractive and repulsive potentials. These vary as the inverse third power of the distance, with a constant proportional to the /-value and inversely proportional to the frequency of the resonance radiation. Because the latter lies in the ultraviolet, the quantity actually measured was the self-broadening of the emission lines that populate the resonance state. For large values off, the effects for the upper level decrease with a higher inverse power of the interatomic distance, and are small or negligible compared with the resonance force. At sufficiently low pressures, after allowing for doppler and instrumental effects, the following experimental criteria for resonance broadening were established: the line shape is symmetrical, and lorentzian; at constant density, it is independent of temperature. Also, the absolute value of the broadening constant could be compared with that derived from the /-values, where these were known. Extrapolation of the lorentzian width to zero pressure gives the value of the radiation width (which also has a lorentzian profile) of the free atom, and hence also the/-value. Some discrepancies appeared, which were later explained by more refined measurements.
Kuhn himself stressed that his own contributions to atomic physics decreased steadily in his later years, so that his retirement in 1971 did not cause any break in its development and progress. Nevertheless, throughout his career, Kuhn's physical insight and combinations of clever ideas were most impressive and formed a major factor in his success. For example, Kuhn's work on scanning interferometry was particularly well adapted to the study of line profiles (one of his early interests), and later allowed his group to exploit the power of digital methods of recording and analysis. These greatly increased the scope and accuracy of all the high resolution work at Oxford.
T e a c h in g
The move into a new building in 1939 meant not only a fresh start in research after the war but also creation of a new course in practical physics. In 1945 Kuhn was appointed a University Demonstrator (later renamed Lecturer), a full-time position with the responsibility for setting up the undergraduate practical course in optics and spectroscopy. Kuhn always believed that laboratory work must be central to the teaching of physics. Over the years, with his colleague George Series, he built up the practical laboratory in atomic physics for undergraduate students. In this he was supported by John Sanders, Kem Woodgate, Alan Comey, Derek Stacey and other younger colleagues. Their philosophy of well thought out experiments, supported by knowledgeable and caring demonstrators, continues to underpin the course of today. From 1945 until retirement, Kuhn gave a regular course of lectures on optics, including demonstration experiments, a practice which was very unusual at that time. He found it time-consuming but enjoyable.
A parallel activity was college teaching, first at University College. As there were not many undergraduates in physics, E J . Bowen asked him in 1941 to teach them as a College Lecturer; this m eant he also became a member of the Common Room. Ten years later, he was approached by two science Fellows of Balliol College, which also had only a Lecturer in physics, but had decided to establish and had advertised a Fellowship. Kuhn was much attracted by the Oxford system, but felt that at the age o f 47, with a German background, it was neither appropriate nor worthwhile to go through the cumbersome procedure of writing an application and seeking testimonials. However, he was assured that only an interview with a committee was needed. After this, and dinner in College, he was elected by Balliol College to a tutorial Fellowship, the only 'refugee' from Europe in Oxford physics to hold such a position. As expected, he became an excellent tutor: his teaching was individual, and in the early days he covered the whole o f the physics syllabus. As one of his pupils Patrick Sandars has written: 'for a keen student a tutorial was on occasion a marvellous opportunity to see a great physicist approach an unfam iliar problem. One learnt by example how to think about physics. Apart from losing one of his books, the only real crime was not to do one's best. His sorrowful reproach was almost unbearable' (Sandars 1994). Although College duties and responsibilities took m uch time, at the expense of study and research, Kuhn never regretted his decision. It gave him the experience of tutorial teaching and o f the inside functioning o f a college, which he would otherwise have missed. His relations with other Fellows, particularly in Mathematics (J.S. de Wet) were characterized by mutual trust and friendship. It was a period when Balliol had decided to strengthen its science teaching; in Chemistry it already had R.P. Bell and W.A. Waters, with A.G. Ogston in Biochemistry. In 1954 Kuhn was elected a Fellow of the Royal Society, and the following year he was appointed to a University Readership. In Physics, Kuhn built up the undergraduate numbers at Balliol, and soon two more Fellowships were created. Teaching in Engineering was fostered by him, and it developed into a large school. R e l a t io n s w it h p o s t w a r G e r m a n y In 1947 Kuhn was approached by Professor Eucken, the Dean of the Faculty of Mathematical Sciences at Gottingen. In an extremely friendly and personal form, he was asked if he would consider returning there or to another German University if an adequate offer was made. Kuhn expressed his thanks, and his hope to be able to resume connections with German scientists, but explained that although he and his wife had been married in Gottingen in 1931, they had no intentions of leaving England, where they had a home and where their children had been bom and educated. At the invitation of H. Kopferman, then Professor at the second University, Kuhn visited Gottingen as a guest in 1952. He gave a talk at the Physics Colloquium, and made many contacts with the students there. In 1976, exactly on the day of the 50th anniversary of his original doctorate, Kuhn received a beautiful Document of Congratulation from the Faculty of Mathematical Sciences of the Georgia Augusta University, Gottingen, reaffirming his Doctorate in view of his contributions to atomic physics. (This is the form in which German Universities honour academics to whom they have previously awarded the degree of Doctor.)
In 1982 Germany celebrated with a postage stamp the centenary of the births, only a few months apart, of James Franck and Max Bom. Kuhn and his wife were both invited to the celebrations, first in Berlin, arranged by the State Library of Prussia, and then in Gottingen. At each place there was an Exhibition, at which and elsewhere they met old friends and acquaintances. The old days of fruitful and happy times were brought back in a most lively and often moving way. Both enjoyed the hospitality extended by Prussia, by the town of West Berlin, and by Kuhn's old University of Gottingen. At an earlier stage, soon after the end of the war, new legislation passed by both the German Federal Republic and the State Governments established rights of restitution and compensation for those who had been forced to leave Germany under Hitler. Kuhn was given the status of Professor a. D. (ausser Dienst), with the pension of a full Professor.
In his experiments, Kuhn showed great instrumental ingenuity, but, having developed a good technique, he preferred to continue with it rather than adventure into new methods. Nevertheless, throughout his scientific career, his physical insight and combinations of clever ideas were most impressive, and formed a major factor in the success of his research. He received an Honorary Doctorate of Science from the University of Aix-Marseilles in 1958. In 1967 the British and French Physical Societies awarded him the Holweck Prize, an honour that gave him particular pleasure.
P o s t s c r ip t
The measurements of the Lamb shift made at Columbia University, New York, by Lamb, Retherford and others (see Lamb et al. 1950 Lamb et al. , 1951 Lamb et al. , 1952 Lamb et al. 1953 using microwave wavelengths were more accurate than any optical results. However, modem techniques of laser spectroscopy have swung the balance back to optical methods. Doppler-free spectroscopy has been achieved by projecting a laser beam through an atomic beam at normal incidence. Figure 6 of Stacey and Burnett (1989) shows that the method is basically similar to that used by Jackson and Kuhn in 1935-39 . The accuracy is far greater: the Rydberg constant has been determined to a few parts in 10n, and values of the Lamb shift for H, D and T to better than 1 MHz.
